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The two-spotted spider mite, Tetranychus urticae Koch, and the Kanzawa spider mite, T. 
kanzawai Kishida, are among the most common and serious pest mite species in both greenhouse 
and field crops around the world, and they can enter reproductive diapause in response to short 
photoperiods and/or low temperatures. Diapause induction in T. urticae and T. kanzawai is sensitive 
to the photoperiod, but only one study has examined the effects of different light colors on diapause 
induction. This present study was conducted to compare colors of light-emitting diodes (LEDs) and 
organic light-emitting diodes (OLEDs) at different photophases on diapause induction in T. urticae 
and T. kanzawai, to compare the inhibitory effects of different light quality and intensity of LEDs 
and OLEDs during the scotophase on diapause induction. A second goal was to estimate the 
diapause induction of T. urticae and T. kanzawai under field conditions by using the environmental 
simulator to determine the critical photoperiod in both species. 
Diapause percentages of T. urticae and T. kanzawai decreased while photophases increased >12 h 
and >11 h, respectively, in both LEDs and OLEDs, except for red LED at 18°C and photon flux 
density (PFD) was 7.9–11.0 µmol m−2 s−1 depending on light quality. Under blue, green, and white 
LEDs, critical photoperiod was ca. 13.5:10.5 h L:D for T. urticae and ca. 12.5:11.5 h L:D for T. 
kanzawai. Using blue, green, orange, and white OLEDs, the critical light period was ca. 13.3-13.5 h 
for T. urticae and ca. 12.5 h for T. kanzawai. Therefore, different light quality did not strongly affect 
the critical photoperiod for diapause induction of T. urticae and T. kanzawai. The inhibitory effects 
of the duration, quality, and intensity of scotophase-interrupting lights on diapause induction in both 
species were tested under an 8:16 h L:D photoperiod. Diapause induction was prevented in T. 
urticae females by interrupting the scotophase with 1 h of light from all colors of LEDs or OLEDs 
except red LED. However, in T. kanzawai females, diapause was fully induced with 1-h scotophase 
interruption for all colors of LEDs or OLEDs, even when the PFD was as high as 20 µmol m−2 s−1. 
Interrupting the scotophase with 3-h light at 20 µmol m−2 s−1 from blue, green, and white LEDs, and 
from blue, green, orange, and white OLEDs completely inhibited diapause induction in both species. 
The 3-h of light interruption in the scotophase at the lowest intensity (0.2 µmol m−2 s−1), blue and 
green light inhibited diapause induction in T. urticae, whereas only blue light inhibited diapause 
induction in T. kanzawai both in LEDs and OLEDs. Therefore, we demonstrated that 3-h 
scotophase-interrupting light from blue LED and OLED is a potentially effective pest-control 
strategy of spider mites. 
Diapause is one of the major mechanisms whereby insects and mites synchronize their life cycles 
with local seasonal fluctuations. Of very few species sufficient information is available to allow the 
prediction of diapause induction in the field. It requires knowledge of sensitive stages and analysis 
of population parameters that influence diapause. However, it is difficult to implement experiments 
under field conditions and repeat them many times to obtain accurate data. We used an  
environmental simulator that reproduces outdoor environmental conditions inside the laboratory 
based on 20 years weather data of the Hokkaido region installed. It demonstrated a tight regression 
in relative light intensity and temperature between field and simulator data. Photoperiodic response 
curves of T. urticae and T. kanzawai showed typical short-day response types with a critical 
photoperiod at 18.0°C of approximately 13.5 h for T. urticae and 12.5 h for T. kanzawai. Diapause 
induction of T. urticae and T. kanzawai was observed on 22 and 23 September, whereas based on 
the photoperiodic response curve the estimated dates of diapause induction in T. urticae and T. 
kanzawai were 19 and 30 September, respectively. So, the observed date of diapause induction was 
4 days later in T. urticae and 7 days earlier in T. kanzawai. The difference between observed and 
estimated dates of diapause induction of the two species might be due to a slight deviation in 
temperature inside the simulator. Nevertheless, prediction of diapause induction in the laboratory 
using the simulator proved effective and matched the field observations. 
LED and OLED light colors did not show any significant influence on critical photoperiods of T. 
urticae and T. kanzawai. We found that 3-h scotophase-interrupting lights from blue LED and 
OLED had potential for an effective pest-control strategy of spider mites. Because the 
photoperiodic response of diapause induction in T. urticae and T. kanzawai using the simulator in 
the laboratory proved accurate, it may be a helpful device for monitoring and management 
operations of spider mites. This methodology may promote the advanced simulation technology to 
forecast and to manage spider mites using different color LEDs and OLEDs in plant production 
systems. 
